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FOREWORD

Part 1 of the 44th Shock and Vibration Bulletin is a new departure, in a sense, from
previous practices. It is the [irst time that summaries of presented papers have been pub-
lished as part of the Bulletin. And it is also the first time that part of the bulletin has

been published prior to the corresponding Symposium,

Several reasons exist for so doing:

(1) The summaries in this part are delivered to registrants in advance of the meeting
to enable them to choose more wisely the papers which they wish to hear.

(2) It is our intent that these advance summaries be used to formulate pertinent
questions and comments to be posed during the question and answer sessions at the

meeting.

() Some of the papers to be presented are not offered for publicaticn in the
bulletin.

(4) Papers covering a very useful piece of work may fail to survive the refereeing
procedure for reasons unrelated to the work itself.

In the latter two cases, the silmmaries provide information not otherwise available,
and if one is interested in further details, he may contact the authors. Thus, it becomes
important to publish this information where it may be referenced in other papers and
becomes a part of the useful body of literature.

In particular, we request you to use these s nmaries to prepare questions for the
discussion periods following the paper presentation. Nothing adds to a symposium quite
as much as an interesting and informative question and answer session. In controversial
areas, it is quite useful to have other views presented. We encourage you to prepare for
an active participation in the discussions. Rest assured that your questions and comments

will be appreciated.

. C’L‘,“;:a-e,k'/&' Ly
R. O. Belsheim

iii
B NI

- S

P

—_——— e ———



-

CONTENTS
Part 1

Underwater Problems I

APPLICATION OF MECHANICAL IMPEDANCE CONCEPTS TO THE
COUPLING PROBLEM OF STRUCTURES IN SHOCK ENVIRONMENT .
Robert Aquilina and Lionel Gaudriot

NEAR MISS SHOCK AND WHATTODO ABOUTIT ............covvuunn.
James R. Suhre

NATO SEA SPARROW LAUNCHER SHOCK ANALYSES AND BARGE TESTS
Paul V. Roberts

MATHEMATICAL INVESTIGATIONS OF UNDERWATER EXPi.OSIONS AND
FLOATING SHOCK PLATFORM RESPONSE PHENOMENA ...........
Robert P. Brooks and Brian C. McNaight

THE NAVY LARGE FLOATING SHOCK PLATFORM
PART I-PHYSIC AL DESCRIPTION AND CAFABILITIES.............
C. G. Schracer

THE NAVY LARGE FLOATING SFOCK PLATFORM
PART II—SHOCK CHARACTERISTICS . . . .ttt it iiiiiinennnnnenns
E. W. Clements

FLOW-INDUCED VIBEATIONS OF A GLASS-REINFORCED
PLASTICSCNARDOME ........ciiiiiiiiir teinarantnsnnenaens
Douglas A. King

Environments and Measurements

.....

-----

-----

HARPOON MISSILE FLIGHT ENVIRONMENTAL MEASUREMENT PROGRAM. ...

dJ. L. Gubser and V. S. Noona

NARROW BAND TIME HISTORY ANALYSIS OF TRANSPORT
AIRCRAFT VIBRATION DATA .. . iiiiii ittt iient et iennnnnnns
Roger E. Thaller and Jerome Pearson

PRELIMINARY MEASUREMENT AND ANALYSIS OF THE VIBRATION
ENVIRONMENT OF COMMON MOTOR CARRIERS .................
W. N. Sharpe, T. J. Kusza, F. W. Sherman, and J. W. Goff

A NEW TRANSVERSE CALIBRATOR FOR ACCELEROMETERS
dJ. A. Macinante, N. H. Clark, B. H. P. Cresswell

iv

.t

11

12

13

14

N




.y

DIRECT MEASUREMENT OF SIIOCK EFFECTS INMETALS. ...... ...
C. Zaharia and P. Gershon

AN EXPERIMENTAL STUDY OF THE VISCOPLASTIC BENDING
OF COPPER-NICKEL ANDSTEEL TUBING . v i it i i it e i e e e i e inennn
Thomas M. Frick and V. [1. Neubert

DIGITAL FILTERS FOR SHOCK DATA EVALUATION ....... .. ... ... ... .....
II. D. Carleton

Shochi
DYNAMIC RESPONSE MEASUREMENTS OF TRANSIENT SHOCK PHENOMENA. .
dJack G. Parks

INDUCED SHOCK PULSE TESTING BY TRANSIENT WAVEFORM CONTROL. . ..
B. K. Kim

COMPARISON OF SHOCK SPECTRUM TECHNIQUES AND
THE METHOD OF LEAST FAVORABLE RESPONSE ........ ... ...
A. F. Witte and R. J. Wolfe

THE USE OF EXPONENTIALLY DECAYING SINUSOIDS TO
DUPLICATE SHOCK SPECTRA ON SIIAKER SYSTEMS . .. ... .ot
D. O. Smallwecod and A. R. Nord

A CASE FOR DAMPED OSCILLATORY EXCITATION AS A
NATURAL PYROTECHNIC SHOCK SIMULATION .. ... iiiiiiii e,
Nennis B. Nelson and Peter . Prasthofer

MINIATURE PYROTECHNIC STIOCK SIMULATORS ...... ..o,
L. H. Albers and G. ¢. Milder

TIMEWISE OUTPUTS OF PYROTECHNIC BOLTS . ... oottt et e iieenen
V. H. Neubert and R. P. Parker

Structural Analysis

PERFORMANCE OF STATISTICAL ENERGY ANALYSIS ... ...
R. F. Davis and D. E. Hines

PREDICTION OF SHOCX ENVIRONMENTS BY TRANSFER
FUNCTION MEASUREMENT TECHNIQUES .. ... ... ... . iiiiiiiiiann..
G. Kao, J. Cantril, G. Shipway and M. Boyd

DETERMINATION OF GUIDEWAY ROUGHNESS FROM
CONSTRUCTION TOLERANCES ... . ittt ittt te e i tineineans
B. J. Brock

SELECTED SYSTEM MODES USING THE DYNAMIC
TRANSFORMATION WITH MODAL SYNTHESIS ........ ... oo vt
Edward J. Kuhar, Jr.




STRUCTURAL DYNAMICS COMPUTATIONS USING AN
APPROXIMATE TRANSFORMATION ...iviivn i ininrenninnnsenonsnses 36
Clifford S. O’Heame and John W, Shipley

PREDICTION OF COLLAPSE MODES IN CRASH-IMPACTED
STRUCTUR AL SYSTEMS ...ttt ittt tvteetnssennsiononeeeesannss 37
K. J. Saczalski and K. C. Park

LINEAR LUMPED MASS MODELING TECHNIQUES
FOR BLAST LOADED STRUCTURES .........ciititietiviornnnsnsnans 38
William J. Liss, Jr. and N. J. DeCapua

Shock 11

POPPING MOTOR DOME SHOCK DURING FIRST STAGE
SEPARATION OF POSEIDON MISSILE FLIGHTS .. ...........hvviiiiien, 41
Lane R. Pendleton and Ralph L. Henrikson

IMPACT TESTING WITH A 35-FOOT CENTRIFUGE ..............covviiunnen, 42
John V. Otts

SHOCK SPECTRA, RESIDUAL, INITIAL AND MAXIMAX
AS CRITERIA OF SHOCK SEVERITY ....iiti ittt ettt eenereenns 45
Charles T. Morrow

SCALING OF WATER IMPACT DATA FOR SPACE SHUTTLE
SOLID ROCKET BOOSTER .....iivitiiiirtniininneeennnononenonnnses 46
Richard Maden and Dennis A. Kross

FRAGMENT VELOCITIES FROM EXPLODING
LIQUID PROPELLANT TANKS . . ...ttt it iiinrieennentrerasonnsosse: 47
R. L. Bessey and P. A. Cox

ANALYSIS OF OPEN CELL POLYURETHANE FOAM
UNDER IMPACT LOADING ... ...ttt inettenretinaenennenss 49
Valentin Sepcenko

MEASUREMENT OF PEAK PRESSURES PRODUCED AT THE GROUND
SURFACE BY SHALLOW BURIED EXPLOSIVECHARGES ................ 51
Bruce L. Morris

Environments and Their Simulation

NON-LINEAR SHOCK ISOLATION OF RE-ENTRY VEHICLE COMPONENTS
TO HIGH SHOCK GROUND TEST SIMULATING HOSTILE

FLIGHT ENVIRONMEN TS ... ...ttt iiintinnrennnon toennanss 53
C. G. Parks, Jr.
A VIBRO-SHOCK TEST SYSTEM FOR TESTING LARGE EQUIPMENT ITEMS..... 54

J. Carden, T. K. DeClue and P. A. Koen

vi

-

= e

o




AN Y

SHOCK AND VIBRATION HARDNESS VERIFICATION OF A RACK-MOUNTED,

TRANSIENT CRITICAL SAFEGUARD SYSTEM MEMORY UNIT............

d. Frederick Stevenson and J. L. Parker, Jr.

MEASUREMENT AND CORRELATION OF NUCLEAR X-RAY

INDUCED SHOCK ENVIRONMENT . .....ciiiiiiiiiiiiiiinniinnnnn..

K. C. Kalbfleisch and T. R. Szabo

FLIGHT QUALIFICATION OF SPECIAL INSTRUMENTATION ................

Jerome Pearson and Roger E. Thaller

OPERATION MIXED COMPANY . . ... it it it cieianna

Lt Col J. Choromokos and Mr. J. R. Kelso

Isolation and Damping

DESIGN OF CONSTRAINED LAYER DAMPING FOR

BROAD TEMPERATURE CAPABILITY .......0iiiiiiiiiininnrninnnnas

David I. G. Jones

REDUCTION OF INTERIOR CABIN NOISE LEVELS IN A

HELICOPTER THROUGH ADDITIVE DAMPING ...........ccvvvuniinnn

John P. Henderson and Ahid D. Nashif

CONTROLLING VIBRATION OF VIXING LANDER

ELECTRONIC PACKAGES..... 0000000000000000E0000000000000000000C

William H. McCandliss and Clyde V. Stahle

VIBRATION DAMPING AND ISOLATION WITH

ENERGY ABSORBING COMPOSITES......... .00000000000000000000000C

J. Nunes

SUPPRESSION OF TORSIONAL VIBRATION WITH

ZERO TORSIONAL STIFFNESS COUPLINGS ........... 0000000000009000

J. M. Vance and R. A. Brown .

FRICTIONAL EFFECTS IN HELICOPTER VIBRATION ISOLATICN SYSTEMS ....

K. L. Lawrence and R. W, Blake

PYROTECHNIC SHOCK REDUCTION . ... .iitiitiiiiiiintnrenensonennnnns

S. N. Prescott
Special Probleins

PIPING DESIGN FOR HYDRAULIC TRANSIENT PRESSURE. .................

Charles C. Huang, Richard J. Bradshaw, Jr. and Howard H. Yen

SPACECRAFT VIBRATION TEST LEVEL OPTIMIZATION. ......covvvvvninennn

Joseph P. Young

vii

63

66

67

71

72

e g e




- /
‘ — S e

DYNAMIC ENVIRONMENT TESTING OF THE SKYLAB

OREBITAI WORKSHOP SOLAR ARRAY SYSTEM
R. V. Mendoza

APPLICATION OF LEAST FAVORABLE RESPONSE TECHNIQUES

INCOKPORATING FIELD DATA FOURIER 1 2ANSFORM PHASE ANGLE. ..
R. 1. Wolf and A. F. Witte

DEVEILOPME!!IT OF A PYROTECHNIC SHOCK TEST FACILITY
Dan R. Powers

OPTIMAL CONTROL LAWS FOR SUPPRESSING RESPONSES OF
HIGH SPEEI: TRACKED AIR-CUSHION VEHICLES
Walton £. Williamson and Ronald O. Stearman

......................

DEVELOPMENT Ol SAM-D MISSILE RANDOM VIBRATION
RESPONSE LOADS

Paul G. Hah:.
ASYMMETRIC DYNAMIC BUCKLING OF RING STIFFENED
CYLINDRICAL SHELLS UNDER LATERAL PRESSURE. .................
T. Tsui and C. Lakshmikantham
IDENTIFICATION OF AN OPTIMUM SET OF TRANSIENT SWEEP
PARAMETERS FOR GENERATING SPECIFIED RESPONSE SPECTRA.......
R. C. Rountree and C. R. Freberg
REDUCTION OF HULL NOISE AND VIBRATION BY

CENTER OF PERCUSSION ROADARM DESIGN
Daniel D. Ustick

-------------------------

SYNCHRONIZATION AND PHASE ANGLE OF TWO UNBALANCED ROTORS ...
Mario Paz, Preston Schrader and Robert Blackmon

DEVELOPMENT AND CORRELATION, VIKING ORBITER ANALYTICAL
DYNAMIC MODEL WITH MODAL TEST

...............................

Ben K. Wada, John A, Garba, and Jay C. Chen

EXPERIMENTAL INVESTIGATION OF THE DYNAMIC RESPONSE
OF CANTILEVER ANISOTROPIC PLATES
R. L. Sierakowski and C. T. Sun

.............................

Underwater Problems II

SHOCK RESPONSE OF SUBMERGED STRUCTURES
Thomas L. Geers

THE SMMS STRUCTUREBORNE NOISE MONITORING PROGRAM .............
W. H. Barnes, III

WORTH OF SHOCK HARDENING OF SHIPS . . . ... .. .. e iee
P. Roger Gillette and Robert Belsheim

viii

74

77

78

81

82

84

85

86

P

e e




A HARDNESS VERIFICATION PROGRAM FOR ELECTRONIC
EQUIPMENT HOUSED IN PROTECTIVE STRUCTURES...........oevvunn. 95
P. A. Koen and G. C. Stocker

MEANS OF CONTROLLING THE DYNAMIC MOTION OF BOTTOM
MOORED MINE CASES EXPOSED TOHIGHCURRENT................... 96
John J. O’Neill, Jacob Berezow and J. Goeller

VIBRATIONAL SIGNATURE PHENOMENA ... .ttt iriiteteennnsorennns 97
Bruce G. Wrenn and Dalton D. Walters
SHOCK ANALYSIS OF SERIES I SSTV TZSTS...... et et eesennnecnonneseenns 97
W. W. Wassmarnn
Vibration Testing and Analysis
VEHICLE SUSPENSION EVALUATION USING A ROAD SIMULATOR ........... 99

James W. Grant

STUDY OF AN EXPERIMENTAL TECﬁNIQUE FOR APPLICATION
TO STRUCTURAL DYNAMIC PROBLEMS ...... et ee et 100
Richard F. Snell

"EVALUATION OF BLOCKED PRESSURE ON STIFFENED

CYLINDRICAL SHELLS.............. e et r ettt e 101
V. M. Conticelli and G. C. Kao

'THE USE OF LISSAJOUS FIGURES IN VIBRATION TESTING. ................. 102
John D. Ray and Charles W. Bert

STRUCTURAL DYNAMIC RESPONSE ANALYSIS OF ROCKET

TEST SLEDS ... ittt tentaronsennsssseesnsonsonesonssenss 103
Terry N. Gardner
CONSIDERATIONS OF THE RESPONSE OF A SLED BORNE MISSILE........... 105

Alva Roy Glaser and Larry Mixon

MODAL TEST RESULTS OF THE VIKING ORBITER
L. Leppert, R. Miyakawa, and B. Wada

ix




UNDERWATER PROBLEMS |

APPLICATION OF MECHANICAL IMPEDANCE CONCEPTS TO THE
COUPLING PROBLEM OF STRUCTURES IN SHOCK ENVIRONMENT

Robert Aquilina and Lionel Gaudriot
Direction Des Constructions Et Armes Navales
Toulon, France

An important question in shock problems iies in the coupling between the test equip-
ment and the supporting structure. This structure, considered as the source of shock mo- .
tion, is, in our applications a shock test macliine or a submarine hull excited by an under-
water explosion. According to the shock spectrum concept, the problem is to set up a
Design Shock Spectrum from Measured Shock Spectrum. As we possess at present a
limited quantity of experimental information, the method consisting in tests ot  large
number of oscillators, i.e. cquipments modes, of various weights and frequencies seems to
be too much time consuming. So we attempt to make use of the mechanical impedance
concept for obtaining a practical solution of the problcm.

From that point of view the problem can be considered under the three following
aspects:

e  Modal characterisation of cquipment
®  Modal charactensation of the supporting structure

o  Mechanical coupling between the two connected systems.

The considered shock motions arc limited to translation of the foundation base, and
so the correlative modal paramelers to define relates to fined basc conditions. These
parameters, effective masses and natural frequencies, are obtained from sinusoidal excita-
tion tests by an analytical treatment of mechanical impedance results, Expcriments in
submarinc test section have confirmed that a limited numbcr of lower modes is sufficient
for properly describing thec response of a complex equipinent to the measurcd actual accel-
eration. Measurement techniques are described and some difficuities are discussed.

On an other hand, the submarine hull is analyscd by single-point impedance measure-
inents in order to get a sufficient knowledge of its dynamic hehaviour, Electrodynamic
shakers limit the study of ihe hull for the frequencies of rigidly mounted equipment. For
the lower frequencies transient test techniques may be used, but the problem of elustic
mounts is shown to be quite different, Analytical expressions of mechanical impedance
fur the equipment and structure are combined algebraically, using Fourier techniques, to
give the effective acceleration signal.

The method is tested with two coupled oscillators mounted on a shock machine, A
full scale verification, prepared on the submarine shock test section, with heavy single
degree of freedom Systcms, is presented. The difficulty which appeared in the designing
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of such linear oscillators destined to withstand ligh severity shock raises questions abou
the limits of validity of the linear behavior of actual equipments. Moreover limitations
implied by the hypothesis of translation motion for the foundation base, equivalent to
unicity of attachment point, is examined.

NEAR MISS SHOCK AND WHAT TO DO ABOUT IT

James R. Suhre
McDonnell Douglas Corp., St. Louis, Mo.

INTRODUCTION

Near Miss Shock is a subject fraught with emotion and controversy, mainly because
it often breaks equipment, especially large, expensive, highly specialized equipment, such
as missiles, antennas, and electronic equipment.

An enormous amount of literature haes been written on near miss shock, but it is felt
that a presentation of, what appears at this time, to be the most practical approach to
this problem would be of interest to analysts and designers. It often happens that the
preliminary analysis of a design will indicate peak accelerations on the order of 200 g's
and stresses 2 or 3 times the yield strength of the structural material. At this point many
otherwise brave des.mers will; (a) try to get the requirement deleted, (b) beef everything
up and shock mount all equipment at the expense of other performance requirements, and
(c) get a new shock analyst, or seek some data, method, or whatever to bring the calculated
loads down.

Assuming that a reasonably good analysis was done at the beginning, any of the above
will usually degrade the design, sometimes with sad results when compared with what could
have been achieved. However, it takes a great deal of self-confidence and knowledge for
an analyst or designer to defend as optimum, including the various performance criteria,

a design having very high shock stresses and accelerations.

It is a basic premise of this paper that if well thought out near miss shock require-
ments are integrated into the design criteria from the boginning, with calculated risks taken
where necessary to live within other constraints, but with prudent provisions made where
needed, a high level of toughness can be obtained, even in the most difficult cases. Excuse
the expression, but it appears that an ounce of prevention is worth a pound of cure. Per-
haps our ancestors knew something after all.

BACKGROUND

A brief outline of the British experience during World War II will be presented, along
with the derivation of the shock testing machines. Refereance will be made to the tendency
to backslide as new, more specialized and sensitive equipment is continually introduced.




IMPORTANCE OF NEAR MISS SHOCK

Many nations now have modern anti-ship weapons su:h as influence mines and mis-
siles which would produce near miss shock in combat conditions. Also, the ability to
locate ships anywhere in the world has increased vastly.

The assumption that we need only concern ourselves with a final nuclear holocost
was always a bleak prospect, and is out of style after many years of non-nuclear warfare
in S.E. Asia. Such an assumption leads to vulnerability to, and therefore likelihood of,
conventional war. These factors, and others, have increased the likelihood of near iniss
shock if our navy becomes engaged in combat in the foreseeable future.

SHOCK LEVEL CRITERIA

The basic criterion for the equipment necessary for continued combat and ship ma-
neuver is to remain usable up to the point where the ship structure begins to fail. Other
cquipment can fail, but must not break loose, explode or otherwise become dangerous.

It would be impractical to design for and test to the exact shock conditions at the
beginning of hull failure on every ship which potentially would carry a particular equip-
ment. Testing per MIL-S-901C has been developed as a standardized test which can he
substituted for such a program. This test is checked for validity by occasional shock tests
of fully equipped surface ships and submarines. It should be noted that a crucial instruc-
tion in MIL-S-901C calls for representative support structure to be placed between the
test platform and the equipment, as if the platform were the ships hull. Further support
for the validity for 901C testing will be presented, and the relative merit, of pulse and
time histories will be discussed. Keel Shock Factor will be discussed and disposed of.

ANALYSIS METHODS

MIL-S-901C shock test data including special test setups have been evaluated on the
basis of ‘“what input shock spectrum would produce the measured structural loads and
deflections”? These input spectra can be used for reasonably accurate calculations, per
DDAM. However, non-linear structures are not strictly covered, and modal phasing is
usually taken on a conservative basis. An example of such an analysis (Encapsulated Har-
poon) will be presented in an appendix to the paper. Work is progressing at NAEC on a
method which would alleviate these problems, at least for FSP testing. This method begins
with the pressure wave in the water, and calculates the shock waves progress through the
FSP and equipment structure.

ALLOWABLE STRESSES

It should be recognized that considerable yielding can be tolerated in ductile struc-
tures which can function afterward with a certain amount of misalignment. “Rules of
thump’’ are available, but usable analysis awaits methods such as those being developed
by NAEC. If full level 901C testing cannot be achieved, a trade-off must be made
between shock hardness and the performance of the equipment. A full discussion of this
trade-off will be presented.




EARLY TESTING

The case will be made for planned preliminary testing of representative hardware or
whatever can be diverted.

NATO SEA SPARROW LAUNCHER SHOCK ANALYSES AND BARGE TESTS

Paul V. Roberts
Raytheon Company, Bedford, Mass.

This paper compares shock response of the NATO sea sparrow launcher and eight
missile load, measured during complete harge shock tcsts at Arvonia, Va. with theoretical
results using the DDAM procedure of Nav Ships 250-423-30.

The launcher successfully withstood the required underwater shock barge test condi-
tions, with 60, 40, 30, 25 and 20 Ft. charge stand-off distances, and was fully operational
after the tests. Shock acceleration, velocity and displacement data obtained during the
tests are reported in the paper.

The analyses of launcher missile shock response, utilized a UNIVAC 1108 computer
and an existing Raytheon program of the Nav Ships 250-423-30 method, see (1) below.
shock inputs used in the computer analyses were generally in accordance with (2) below.
Velocity inputs were increased at frequencies under 10 Hz, based on information contained
in (3), (4) and (5).

(1) Nav Ships 250-423-30, “Shock Design of Shipboard Equipment, Dynamic Design
Analysis Method,” May, 1961.

(2) G. O’Hara and R. Belsheim, ‘‘Interim Design Values for Shock Design of Ship-
board Equipinent,” NRL Memorandum Report 1396, February 1963.

(3) G. O’Hara and P. Cuniff, “Elements of Normal Mode Theory,” NRL Report 6002,
November 1963.

(4) R. Belsheim, ‘“Preliminary Shock Design Criteria for Floating Shock Platform,”
Enclosure (1) to NRL Ltr. 6260-7: ROB:kep SER 1722 of February 1964,

(5) R. Willem and R. Bort, “Measured Rigid-Body Motions of the Floating Shock
Platform for Testing Heavy Weight Shipboard Equipment.” Enclosure (1) to
NRL Ltr 8440-114:ROB:kep.

Use of higher velocity shock inputs at low frequencies under 10 Hz, compared to the
inputs of (2) above, was substantiated by velocity shock data measured on the barge and
equipment,

The launcher was barge tested with a 10 Hz mounting platform designed to attenuate
shock response below structural design limit loads of 15g vertical, 9g tranverse and 6g longi-

tudinal to the ship. Design to these loads had heen specified in order to limit weight and
ccmplexity and facilitate use aboard smaller ships.

4
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The shock response analyses conducted during launcher design and development used
several deck stiffnesses, to determine shock loads with the recommended 10 Hz deck and
evaluate potential increases with stiffer decks. Analytical results are reperted in the paper
with 10 Hz, 15 Hz, 25 Hz and infinitely rigid decks.

Accelerations, with durations and frequencies, were measured at seventeen key loca-
tions on the launcher, missiles and harge deck, during each of the five barge test shots.
Shock velocity with time on the barge deck and launcher base as well as relative displace-
ment across the 10 Hz mounting platform, are also reported for each shot.

Successive shock 1nputs due to blast pressure bubble action were quite severe as ver-
ified by magnetic tape and oscillograph data and inclicated in a short movie.

With respect to comparison of analytical results using the DDAM procedure of Nav
Ships 250-423-30, and experimental data from the barge tests, good correlation was found
between overall predicted shock loads and test results. Higher frequency missile response
was less predictable than at lower frequencies, due to non linearities associated with free
play at attachments and motion limiting devices.

MATHEMATICAL INVESTIGATIONS OF UNDERWATER EXPLOSIONS AND
FLOATING SHOCK PLATFORM RESPONSE PHENOMENA

Robert P. Brooks
Naval Air Engineering Center, Philadelphia, Pa.

and
Brian C, McNaight
The M & T Co., Philadelphia, Pa.

INTRODUCTION

The analytic determination of ship structure response to non-contact underwater ex-
plosions has historically proven to be a difficult problem. Different theories of the physical
mechanisms involved in shock wave/plating interaction, and gas globe phenomena, have
been advanced. Two of these theories are ne to G. 1. Taylor (Ref. 1) and Mindlin-Bleich
(Ref. 2). These different analyses are in ¢. - :mon usage today.

In order to compare the response phenomena generated by the theories, the authors
have refined their earlier mathematical model of the floating shock platform (FSP) (Ref.
3) to accept various shock wave loading functions, complete gas globe effects, and an im-
proved cavitation model.

Accordingly, a scries of FSP test simulations were computed to observe the response
“signatures” caused by the different loading functions.

To gain a better understanding of the phenomena resulting from an underwater explo-
sioa, a unique, regional concept for the mathematical modeling of fluids has been evolved.
This concept utilizes only the natural physical laws of fluid mechanics to obtain a determi-
nistic description of the sequence of events.

-
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THE FLOATING SHOCK PLATFORM MODEL

The FSP mathematical model used for the test simulations was an optimized version
of the model reported on in Ref. 3. The analytic rational, construction, and finite dif-
ference technique employed was basically the same as for the earlier model. '

During all the test simulations the FSP was considered clean (no test loads), but with
the sheltering canopy in place.

THE UNDERWATER EXPLOSION MODEL

The underwater explosion model developed for Ref. 3 was expanded primarily to in-
clude gas globe effects, although modifications were made to the cavitation and water
resistance iogic.

The computer program of the model was tailored to accept three different shock
wave/plating impingement functions: the function due to G. I. Taylor, the Mindlin-Bleich
impingement function, and an impingement function derived from a direct application of
rigid body, conservation-of-momentum laws.

THE REGIONAL FLUID MODEL

In order to obtain the natural sequence of events occurring during an underwater ex-
plosion from the physical laws governing fluid mechanics, a regional water model was de-
fined. This unique concept was evoived by arn analogous implementation of the same
lumped parameter, finite difference technique used to model the FSP.

Basically, a control region of water is defined. This region is then partitioned into
cubica! sub-regions with individual identities and descriptors of their fluid properties. An
explosion is introduced to the model by defining a particular sub-region as a gas at a very
high pressure at time equal to zero. The mathematical process then starts and the se-
quence of events is seen by monitoring the histories of various regions, i.e. pressure, flow,
etc.

Included in the model are: hydrostatic pressure distributions, a variable bottom
boundary condition, a free surface boundary, and an inserted target ves<el (actually the
FSP model). Also included is the expansion, contraction, and migration of the gas globe.

The model has been made more efficient by the application of an infinite medium ap-
proximation at the control region vertical boundaries. This necessary effort has resulted
in large savings in computer core size and overall running time.

SUMMARY AND CONCLUSIONS

Examination of the output data from the FSP test simulations has shown: that for
the qualifying standoff distance of 20 ft for MIL-S-901C, there are no significant differ-
ences in the analytic dynamic loading of the FSP whether the Taylor or the Mindlin-Bleich
theory is applied. At an increased standoff to 100 ft, the Mindlin-Bleich theory provided
consistently higher response motions of the FSP model. At the same stand-off the Taylor
theory created unrealistic motions in the 50 to 100 msec range.
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The preliminary results of the regional fluid model have been very encouraging. The
authors feel that this concept is needed to proceed furtner in the mathematical modeling
of underwater explosion/ship structure response phenomena.
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THE NAVY LARGE FLOATING SHOCK PLATFORM
PART I-PHYSICAL DESCRIPTION AND CAPABILITIES

C. G. Schrader
Hunters Point Naval Shipyard
San Francisco, California

In 1969, the West Coast Shock Facility at Hunters Point Naval Shipyard was tasked
by the Naval Research Laboratory to conduct a Conceptual Study for a Large Floating
Shock Platform which would be capable of Shock Testing Loads up to 160 tons per speci-
fication, MIL-S-901. This study indicated that due to economic considerations, the phys-
ical design of the Large Platform would have to differ considerably from the existing
Floating Shock Platforms which were being used to test loads up to 30 tons, The basic
steel was changed from HY 80 to HTS and the closed deck was changed to open framing.

In 1971, we were tasked by Naval Ship Systems Command as part of Div-Under,
Phase If, reference ! *), Lo provide contract plans anA specifications which resulted in the
Large Floating Sho: . PMlatform (LFSP) being delivered in February 1973.

A fourteen-shot calibration series was completed in May 1973.

As shown in Figure 1,* the LFSP is 30 feet by 50 feet and 18 feet deep. The bottom
and wetted sides are made of 1-1/2 inch HTS steel. The bottom frames, Figure 2, are
about four feet apart and three feet deep. The platform is covered with a three-piece
canovy, Figure 3, which is 18 feet high and will allow the covered installation of objects
approximately 32 feet high. Taller objects will require a custom cover. Side and end

frames are protruding 2 feet inboard from the hullplates and therefore, objects up to 26
feet by 46 feet can be insialled.

Figure 4 shows a regular Floating Shock Piatform (16’ X 28') inside the LFSP. This
FSP was used as a test load for the calibration series. To allow access for the welders to
install an interface foundation, the small FSP was mounted 18 inches above the main

*Figures have been eliminated to speed publication.
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frames as shown by Figure 5. This interface foundation, Figure 6, must be designed to be
of sufficient strength to withstand the shock loads.

We have bettered the original design total load capacity by approximately 50 tons so
that if the CG of the load permits, 200 tons may be tested.

To inform all future users of all the details involved in the LFSP test, an Operations
Manual, reference (2) has been prepared. A short movie of a J.FSP test will follow.

REFERENCES
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THE NAVY LARGE FLOATING SHOCK PLATFORM
PART II-SHOCK CHARACTERISTICS

E. W. Clements
Naval Research Laboratory, Washington, D.C.

The Large Floating Shock Platform (LFSP) described in Part I of this paper was sub-
jected to an eight-shot calibration test series in May 1973. The test series was conducted
at the West Coast Shock Facility (WCSF), San Francisco, Ca. by personnel from WCSF and
the Naval Research Laboratory (NRL), Washington, D.C.

Charges weighing 300 it were detonated at a depth of 20 ft, with near-side standoffs
of from 45 to 120 ft against the port side and of 45 ft against the aft end of the LFSP.
A Floating Shock Platform (FSP) (a smaller versior. of the LFSP, 28 X 16 ft) was installed
in the LFSP as a test load, adding a total weight of 112,6 klb. After four shots, the total
added weight was increased to 176.9 kib by filling the FSP inner bottom with water.

Instrumentation was installed for measuring motions at the junction of the LFSP
with the FSP mounting system (FSP inputs) and within the FSP (FSP responses), and
also motions and strains at a few locations on the shell plating and stiffeners o1 J.c LFSP,
Motions were measured as velocities in one or more of the three component directions,
vertical, athwartship and fore-and-aft.

The points at which velocities were measured outline a considerable area of the LFSP,
and the magnitudes of the velocities vary accordingly. In general, the peak velocity-in-
creases with the proximity of the point of measurement to the charge. This is most pro-
nounced in the vertical direction, less in the horizontal direction parallel to the line of the
charge (i.e., athwartship for a side shot) and negligible for the horizontal direction trans-
verse to the iine of the charge. For the FSP input velccities, the greatest vertical peak is
1.75 times the smallest; when velocities in a given direction are averaged over location, the




relative peak magnitudes are in the ratio 1:,7:.3 (vertical:horizontal-parallel:horizontal-
transverse), with an average vertical peak of 10.7 ft/sec for a 45 ft standoff. This ratio is
not significantly affected by charge standoff or test load weight, and the effect of charge
orientation (end vs. side shots) is primarily to interchange the characters of the athwartship
and fore-and-aft velocities.

The load (FSP response) velocities are higher than the corresponding input velocities
and show similar relationships in exaggerated form. The variation in peak velocity with
position is more pronounced, the vertical velocities are larger multiples of the horizontal
velocities, and the peak velocities are more strongly influenced by charge standoff and
load weight. Moreover, the response velocities in all three directions are predominantly
sinusoidal, while the input waveforms are more steplike.

Design shock spectra have been derived from the shock spectra of the individual input
velocity waveforms by the following procedure: reasonably good measurements of peak
displacements in all three directions and shock spectra for the vertical direction are avail-
able, together with estimates of the peak accelerations in all three directions from the
velocity slopes. From these, with the assumption that the shock spectrum values lie in
the same ratio as the peak velocitizs, the cutoff frequencies can be calculated. With the
additional assumption that 80% of the totalload weight is in the first mode, the variation
of shock spectrum value with modal weight can be derived. On this basis, the cutoff fre-
quencies are: vertical, 9.5 and 117 Hz; horizontal-parallel, 31 and 154 Hz; horizontal-
transverse, 59 and 171 Hz. The shock spectrum value for the vertical direction varies as
Vo (ips) = 156 - .38 X modal weight (klb), and the Vj’s for the vertical, horizontal-paral-
lel and horizontal-transverse directions have the ratio 1:.7:.3.

This work was sponsored by the Naval Ship Systems Command under Project No.
54815,

FLOW-INDUCED VIBRATIONS OF A
GLASS-REINFORCED PLASTIC SONAR DOME

Douglas A. King
Autonetics Div., Rockwell International, Anaheim, Ca.

A comparison is made between applicable theory and experimental results of dome
wall vibrations and boundary layer pressure fluctuations measured in tests of a large
buoyancy propelled underwater vehicle.

The configuration of the vehicle, a streamlined body stabilized by fins on a tail boom,
is shown in the encloscd figure.* The body was a laminar-flow shaped body of revolution
with a length to diameter ratio of 2.5, and a contour designated NACA 63040. The
laminar flow shape allowed extensive laminar boundary layer flow to be developed at high
Reynolds numbers, back to the maximum diameter station. In alternate runs, the boundary

layer was artifically tripped at 10% body length.
The sonar dome comprised the forward half of the body, and was attached through

vibration isolation mounts, which could be locked out to determine effects of isolation.
The dome was an air-cured Fiber-glass-eopxy laminate 14 ft in maximum diameter, with
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thickness of 1/2 in. over the forward 40% of its length and graduating to 1.5 in. near the
attachment ring. To attain the greatest extent of laminar flow, special care was taken to
maintain small surface ruughness and contour waviness.

Data taken during the tests were reduced io spectral power density form by a Fast
Fourier Transform computer algorithm.

Where the boundary layer was laminar no pressure fluctuations were present, yet
dome wall accelerations were measured there, coming from other portions excited by tur-
bulent boundary layer further aft. The smaller extent of turbulence in the untripped runs
resulted in smaller accelerations occurring than in the tripped runs. Isolating the dome also
reduced the accelerations. Effects of these and other parameters are discussed.

The most pertinent theoretical work is that of Strawderman and Christman (J. Acous.
Soc. Amer., v 52, p 1537. Nov. 1972), which is based on an unsupported infinite flat plate
acted upon by uniform boundary layer pressure fluctuations, and vibrating in vacuo or in
an acoustic fluid medium. Application to the dome is complicated by the stiffening effect
of the body of revolution form, the varying thickness at various stations, the large length-
wise variation in boundary layer characteristics, and by the varying local velocity. A
method of coping with the varying boundary layer and local velocity is described, essen-
tially consisting of summing the incremental accelerations that result from the varying pres-
sure fluctuations at various locations. Effects of tripping and dome isolation are calculated
by including only pressure fluctuations from areas that are turbulent or structurally attached
to the dome.

Experimental and calculated results are compared. There is general agreement in
spectral distributions as functions of vehicle speed and frequency, indicating that the tech-
nique of summing incremental accelerations is valiu. There 1s less agreement between
tripped and untripped runs, perhaps because of simplifying assumptions in the calculations
as to the location of boundary layer transition. The calculated results always indicate
larger accelerations than experienced since they do not include the stiffening effects of the
dome shape.
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ENVIRONMENTS AND MEASUREMENTS

HARPOON MISSILE FLIGHT ENVIRONMENTAL MEASUREMENT PROGRAM

d. L. Gubser and V., S. Noonan
McDonnell Douglas Astronautics Company—East

With the award of the Harpoon Missile Program to McDonnell Douglas Astronautics
Company—East (MDAC-E), an inflight environmental data acquisition program was imple-
mented. Part of this pr. gZram involved obtaining vibration, acoustic and shock data to
substantiate the environmental predictions made for the Harpoon missile. The flight pro-

gram to obtain the dynamic data covered four vehicle configurations during the overall
Harpoon Missile Design Phase.

The first measurements were made on an Aerodynamic Test Vehicle (ATV) which
was captive carried on a Navy Orion (P-3) type aircraft. The ATV was structurally a
boilerplate vehicle with the correct mass, center of gravity and inertias of the Harpoon
missile, Six external acoustic measurements with a frequency range of 10 to 2000 Hz
were made. The acoustic sensors were located o%i top, bottom, and sides of the missile at
forward, midpoint and aft stations to provide good overall coverage of the missile and to

detect possible effects due to aerodynamic interference between missile and aircraft and
adjacent stores,

The second set of dynamic measurements involved the Blast Test Vehicle (BTV)
which were launched from ASROC launcher located at the Harpoon Integration Test Site
at Naval Missile Center, Point Mugu, California. The BTV is again a boilerplate missile but
utilized a production solid propellant booster. As in the case of the ATV’s, the vehicle
had the correct mass, center of gravity location and inertias. Two dynamic environmental
measurements were made on each of four vehicles. These measurements included two ex-
termnal acoustic sensors o': two vehicles and two vibration sensors on two vehicles. The
frequency range of these sensors was 10 to 2000 Hz. The acoustic environment resulting
from booster firing an< the two vibration measurements were made to determine the shock
environments resulting from booster ignition and booster separation and to quantitatively
obtain some idea as to the set. ity of the vibrations induced into the missile as a result
of booster buming. For the BTV’s, the acoustic sensors were located on top in the for-
ward and aft sections »f the missile, The two vibration sensors were located at the missile/
booster interface with ihc sensitive axis orientated along the longitudinal axis of the missile.

The final phases of this inflight data program involved the Control Test Vehicles (CTV)
and the Guidance Test Vehicles (GTV). These missiles are functional missiles, basically
identical with one exception. The GTV had a functional seeker while the CTV utilized
a dummy seeker which is dynamically similar to the real seeker. The air launched and
surface CTV’s and GTV’s utilized a jet engine during cruise flight and the surface launched
vehicles used a solid propellant booster prior to jet engine start.
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The CTV aand GTV missiles had three dynamic environmental sensors with a frquency
range of 10 to 2000 Hz installed for each missile flight. Vibraiion measurements have been
made at the interface of the seeker, missile guidance unit, aircraft carry hooks, jet engine
and control actuator with the vehicle primary structure. Both internal and external acous.
tic measurements were made at various locations.

The dynamic environmental datz obtained to date in the Harpoon program will have
a direct bearing on the Weapon System Development Phase of the program. Environmental
predictions will be compared with measured data and these results may result in design
changes on critical on-board components. The data that is presented in this paper will be
in the form of power spectral density and shock spectra plots and selected time histories
correlated with critical flight events.

In addition to che Harpoon application, the data presented in this paper is applicable
to future tactical missile designs to ai¢ in environmental predictions. 'T'he data will pro-
vide a good cross section of dynamic environments resulting from aircraft captive carry,
solid propellant boost launched flight, jet engine flight, high and low altitude drops, maxi-
mum aerodynamic pressures and transient conditions resulting from aircraft launch, booster
and jet sustainer engine ignition,

NARROW BAND TIME HISTORY ANALYSIS OF
TRANSPORT AIRCRAFT VIBRATION DATA

Roger E. Thaller and Jerome Pearson
Air Force Flight Dynamics Laboratory
Wright-Patterson AFB, Ohio

The Air Force requirment to transport fragile payloads in large aircraft has generated
a need to accurately defline the dynamics envirrnment in aircraft such as the C-135, the
C-141, and the C-5A. To determine the proLability of occurrence of damaging accelera-
tions during flight and ground operaiicns of these large cargo aircraft, a special method
was developed for analyzing and displaying the data, which may be both non-stationary
and non-Guassian.

This method involves recording the complex vibration time history corresponding to
each flight condition «nd filtering these data into time histories, each limited to a unique
frequency band. For each band-limited time history, the values of acceleration of a, a5
and a3 were computed and plotted versus frequency band. The ag is the maximum ac-
celeration observed in the band-limited time history. The a; and a, are the accelerations
which exceed 84.135% and 97.725% of the data respectively. If the data are Gaussian,
the a; and aq then correspond to ¢ and 20 of the distribution, a; = 2a,, and the proba-
bilities of occurrence of higher accelerations can be easily computed. 1f ag # 2a,, the
data are non-Gaussian, and their ratio then gives an indication of how the probabilities
of higher accelerations differ from the Gaussian case.

The method was applied to the analysis of cargo deck vibration data obtained during
flight tests of a C-5A aircraft. The analysis was mainly concermned with low-frequency ac-
celerations, because engineering knowledge from previous experiences indicated that some
large cargoes to be carried in the C-5A are vulnerable to low frequency accelerations.
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The flight tests included a full range of flight conditions. Data were taken during
taxi, takeofl, climb, cruise in turbulence, descent, low-level terrain following, landing, and
thrust reversal. During each flight condition the fuel and cargo loading were varied over
a wide range. A complete analysis of variance can be performed to determine the extent
of dependence of a,, a5, and a3 on flight condition.

During each flight condition, accelerometers were located in the aircraft to provide
measurement of vertical, lateral, and longitudinal vibration. The sensor placement provides

the capability of using data from pairs of sensors to produce roll, pitch, and yaw accelera-
tions.

Previously obLtained engineering data provided an estimate of the natural frequencies
of the cargo deck. In order to identify the mode responsible for a paiticulur peak accelera-
tion, it was desirable to filter the vibration data into frequency bands which were suffi-
ciently narrow that each band-limited time history would show the response of only one
mode. The frequency bands chosen were the twenty one-third octave bands with center
frequencies of 0.4 to 31.5 Hz. Based on available prediction and measurements of C-5A
natural frecquencies, normally only ope vertical, lateral, longitudinal, roll, pitch, or yaw
natural frequern»y should he found in each of the one-third oétave bands used.

After the data are filtered, the a4, a5, and a4 are computed from band-limited time
histories, The collection of ay, ag, and ag values for all flight conditions for each fre-
quency band can be used to determine the probability of occurrence of given levels of
acceleration. Thus the acceleration for which the payload must be qualified can be deter-
mined for a seiected risk of failure. If the payload cannot be qualified at these levels,
the values of ay, aq, and ag as functions of frequency band can be used to design isola-
tors for cargo deck mounting.

PRELIMINARY MEASUREMENT AND ANALYSIS OF THE VIBRATION
ENVIRONMENT OF COMMON MOTOR CARRIERS

W. N. Sharpe, T. J. Kusza, F. W, Sherman, and J. W. Goff
Michigan State University, East Lansing, Mich.

PURPOSE

The purpose of these measurements is to obtain and analyze data on the vibration
environment in commercial trucks for ultimate use in the testing of packages before ship-
ment. Published truck vibration data is quite limited and has not been obtained on com-
mon carriers. Research of the kind described can lead to a sounder basis for vibration
tests of shipping containers,

MEASUREMENTS

Accelerations were recorded on four separate scheduled runs of tractor-trailers owned
by alocal truck firm. Three of these were intercity shipments and one was a “peddle
run.” Accelerometers were mounted at three vertical and two lateral positions in the

trailer and the data recorded on magnetic tape. The frequency response of the system is
3dB down at 400 Hz.
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ANALYSIS

Standard analyses of probability, root mean square, and power spectral density of
the acceleration signals were performed. A VIBRAN plot was generated for comparison
with other data. Peal ccceleration of transients were measured. While the analysis pro-

cedure i8 rather rcutine to many engineers, it is foreign to most of the packaging industry.

RESULTS o
RMS measurements showed that the lateral accelerations were roughly a factor of
two smaller than the vertical accelerations. Generally, the rear vertical acceleration was

the largest—on the order of 0.. RMS. Increasing the speed from 45mph to 60mph raised
the acceleration level only moderately.

Probability analysis of the rear vertical acceleration gave a somewhat sharper than
Gaussian curve with peak values of slightly less than +2 G. The VIBRAN plot showed a
dip at 12.5 Hz and showed lower vibration levels than reported by other researchers.

PSD analysis of rear vertical acceleration of one run discloses six sharp peaks in the
0-50 Hz range, a sharp peak at 70 Hz, and a broad peak at 160 Hz. All of the PSD
levels are below 0.01 G2/Hz. The other runs have PSD plots that are similar in character
but not in detail. Increasing the speed of the truck raises the level of the PSD curve but
does not change its shape significantly.

Analysis of the transients produced by railroad crossing, intersections, etc., show that
the fruck floor does not see a sharp pulse but rather an increase in the amplitude of low
frequency vibration.

CONCLUSIONS

These preliminary data show that field data acquisition and analysis of the vibrations
in common motor carriers is practical and reasonably efficient. The data presented can
provide guidance for testing, but more measurements are needed to generate statistically
reliable values, There are enough similarities in data recorded under various operating
condit’uns that the development of a composite wideband test seems reasonable.

A NEW TRANSVERSE CALIBRATOR FOR ACCELEROMETERS

d. A. Macinante, N. H. Clark, B. H. P. Cresswell
Division of Applied Physics, National Standards Laboratory,
CSIRO, Chippendale, N.S.W. 2008, Australia

In methods of transverse calibration current., in use the test accelerometer is
mounted on a fixture which, while being vibrated ertically for example, maintains the
sensitive axis of the test accelerometer horizon:al. ‘i1he ovt ut of the accelerometer is
measured with the accelerometer in a succession of angular positions about that hori-
zontal axis.
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A new method is presented in which the test accelerometer, with its sensitive axis
vertical remains attached to a horizontal surface which is caused to oscillate with constant
acceleration amplitude in any direction (f) in its plane. The direction can be varied con-
tinuously to determine the transverse sensitivity ratio (TSR) as a funciion of 6, and speci-
fically its maximum value (TSRmax) and the angular direction {(6(TSPmin)) that corre-
sponds to minimum transverse sensitivity.

The transverse calibrator consists of a vertical cantilever beam of circular cross section
clamped near its lower end. The test accelerometer is attached to the upper end of the
beam with its sensitive axis coaxial with the beam. The beam is driven in transverse vibra-
tion by two small electromagnetic vibrators having their axes mutually perpendicular and
in a horizontal plane a short distance above the clamp. The vibrators are operated in
phase from a single oscillator which is adjusted to the transverse resonance frequency of
the system. By varying the relative amplitudes of the two driving forces the test accelero-
meter can be subjected to transverse vibration in any direction in the plane of its mount-
ing face,

The TSR is determined by measuring the output (E,) of the test accelerometer when
a known amplitude A of transverse acceleration is applied at successive values of 6. The
magnitude A is determined by measuring its two orthogonal horizontal components, using
a pair of monitoring accelerometers attached to flat surfaces ground on the beam near the
test accelerometer. The outputs E, and E, of these accelerometers are connected to an
oscilloscone so that an analogue of the transverse motion is displayed as a Lissajous figure,

In the prototype calibrator the beam is a 25 mm dia steel bar held in a clamp which
forms part of a fabricated steel support bracket. The bracket also carries two small elec-
tromagnetic vibrators of force rating 8.5N, with their axes in a horizontal plane 0.1m
above the upper face of the clamp.

The signal to the two vibrators is obtaired through a two-channel amplifier from a
common oscillator. Each channel has an amplitude control and a +90 deg phase shift
control. The latter is necessary to compensate for the effects of small variations in the
transverse mechanical stiffness of the system as the direction of vibration is altered; these
variations cause elliptic instead of rectilinear transverse motion.

With the prototype system adjusted to a resonance frequency 100 Hz the free length
of the beam is approximately 0.4m. Coarse mechanical adjustment is made by varying

the free length, and fine adjustment by varying the axial position of a small (100 g) steel
collar clamped on the beam,

The calibration procedure is as follows. The angular orientation of the test accelero-
meter is noted with reference to the axes of the monitoring accelerometers, making use
of a suitable mark or feature on the accelerometer body. The phase and amplitude of one
or both driving signals are adjusted to produce, on an oscilloscope screen carrying a polar
co-ordinate scale, a straight line of length proportional to the desired acceleration amplitude
A (typically 200 ms~2) and inclined at a nominated angle §. The magnitude and phase
of the test accelerometer output E, are obserzed on another oscilloscope. The outputs
E,, Ey and E, of the test and monitoring arcelerometers are also read on digital voltmeters.
This prodecure is repeated at successive values of 0, e.g, 10 deg increments. A more rapid
check can be make by scanning through 0 until the minimum E, is found. The values E,
and Ey are read and used to calculate 8 (TSRmin). Then TSRmax is found by increasing
or decreasing 0 by 90 deg and again reading E,, E, and Ey
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The transverse vibration is not exactly rectilinear. the test accelerometer is subjected
to a radial component of acceleration a, along its sensitive axis, at double the transverse
frequency. In the prototype la,}, which may be estimated and/or measured, was typically
less than 0.1 percent of |Al.

Errors in calculating TSR and 0 may arise from the transverse sensitivities of the
monitoring accelerometers, but careful selection and thoughtful orientation of these accel-
erometers can reduce these errors to less than 0.2 percent and 0.1 deg respectively.

A more significant but calculable error in calculating TSR and € can come from the
unavoidable errors in the calibration factors (i.e. axial sensitivities S,. S, and S,) of the
three accelerometers. The relative values of S, and S,. can be found precisely by back-to-
baek intercor narison, thus minimizing error in ¢#. By a similar intercomparison with the
test accelerometer prior to transverse calibration, the error in TSR can also be minimized.

Experience to date in using the prototype to calibrate various piezoelectric accelero-
meters indicates that the new method is accurate, sensitive and easily applied. Further
developments in progress will provide improved clamping of the beam and will extend the
frequency range. Obviously, higher resonance frequencies can be attained by changing the
length, material and cross section of the beam. Another and more interesting possibility
is to operate a cantilever beam at resonance in its higher modes. Preliminary ohservations
with the prototype system driven at its resonance frequency (600 Hz) in its second flexural
mode have confirmed that the range can be extended in this manner.

DIRECT MEASUREMENT OF SHOCK EFFECTS IN METALS

C. Zaharia and P, Gershon
Mechanical Engineering Department,
University cof the Negev, Israel

It was recently observed [1] that during metal deformation a transient e.m.f. is
developed in the strain gradient field. Further, experiments indicate that the e.m.f. gen-
erated by the deformed metal 1s proportional to the applied stress within the elastic limit.
In the plastic regime the e.m.f. generated is dependent upon the location within the strain-
gradient field, i.e., the magnitude of e.m.f. generated decreases with increase of the distance
between the point of nucleation of permanent deformation (‘“necking™) and the point of
measurement, The magnitude of the e.m.f. is also dependent upon the strain history of
the sample, i.e., strain hardening and hardness. Repeated straining of the sample results
in successively greater generated e.m.f.’s.

This generated e.m.f. is attributed io a charge carrier equilibrium perturbance. There-
fore, the phenomenon is rapid and is comparable to the charge carrier relaxation time.

In view of the above factors it is believed that shock and vibration phenomena may
he measured “in situ”’ by measuring the generated e.m.t. The primary advantage of this
technique is the fact that the measurements are made directly on the test object without
the use of models or surface sensitive devices. Consequently many of the uncertainties
of accuracy of the model, test conditions, adhesion, and interface instrumentation error
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are eliminated. The measurements involved and the technique of attaching probes are
simple and present no problem for a large spectrum of shock and vibration measurements.

A sernies of shock tests have been performed on 1020 steel Charpy specimens in a §
kgm. impact tester and the generated e.m.f. recorded. The results indicated:

1. The generated e.m.f. is dependent upon the strain hist:)ry of the specimen.

2.  The travel distance of the stress wave significantly effects the magnitude of the
generated e.m.f.

The results are qualitative, showing the dependence of above parameters on the e.m.f.
in different relevant cases for shock tests and vibration measurements.

REFERENCE

1. C. Zaharia. Strain-Electricity. Submitted to Journal of Applied Physics.

AN EXPERIMENTAL STUDY OF THE VISCOPLASTIC BENDING
OF COPPER-NICKEL AND STEEL TUBING

Thomas M. Frick
Westinghouse Electric Corp.. Waltz Mills, Pa.

and

V. H. Neubert
Pennsylvania State University. University Park, Pa.

This investigation is concemed with the experimental study of dynamically loaded
viscoplastic beams with a tubular cross section where elastic strains are a significant part
of the total strain. Two materials are considered: 1020 steel and 70 30 copper-nickel
alioy. The resuits are significant in three respecis. This work defines a successful expen-
mental approach for obtaining dynamic data: the results can be used in defining failure
for opiimal design: and a demonstration of accurate anaiytical predictions of dynamic
data is made.

Loading was accomplished on an Impac shock machine. Accelerometer and strain
gauge signals were recorded and then used to determine the dvynamic moment and curva-
ture. Maximum curvature rates were 2.5 in.~! -<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>